ABSTRACT: The grafting of acrylic acid (AA) and methacrylic acid (MAA) made poly (ethylene terephthalate) (PET) hydrophilic. The alkali-treatment of the grafted PET enhanced the hydrophilicity, transforming carboxyl groups into their Na-salt form. However, the use of natural water, which contained multi-valent metal ions, in the alkali-treatment of the grafted PET did not bring as high a hydrophilicity as expected. From model reactions in which aqueous CaCl2 solutions was used as media of the alkali-treat ment, it became clear that the presence of Ca ions in the alkali-treatment suppressed transforming reaction of carboxyl groups of the grafted PET into the Na-salt form. It was suggested that gel formation of the grafted poly(AA/MAA) shut up the reactive sites, thus preventing transformation of carboxyl groups. The addition of a sequestering agent to the alkali-treating solution was useful in preventing multi-valent metal ion's effect and in bringing about smooth transformation of carboxyl groups into the Na-salt form.
INTRODUCTION
It is known that some properties of PET fibers are modified by grafting of AA and MAA1-3). Na-salt form of carboxyl groups of AA-or MAA-grafted PET became more hydrophilic than the acid form 1,3). The Na-salt form was obtained by means of the alka li-treatment of the grafted PET with aqueous Na2CO3 or NaOH solution.
However, it was observed that the use of natural water (ground water) in the alkali-treatment of the grafted PET did not bring about as high a hydrophilicity as expected from the alkali-treatment with deio nized water. From a chemical analysis, it became clear that; (1) the natural water contained Ca and Mg ions and its hardness4) was 41 degrees as represented ppm of CaCO3. This hardness was near the value re ported for standard river water in Japans), and (2) Na content of the alkali-treated grafted PET was less than that expected 3).
From these findings, it seems that the presence of multi-valent metal ions in the alkali-treating aqueous solution affects transformation of carboxyl groups of the grafted PET into their Na salts. In the present work, several experiments were carried out to in vestigate the effect of Ca ion on the alkali-treatment of the AA and MAA-grafted PET.
EXPERIMENTAL

PET and Grafting
PET filament interlock which was the same as that reported previously]) was used as the sample fabric. The graft polymerization of AA and MAA (AA/MAA = 2.5/7.5 molar ratio) onto PET interlock was car ried out by 1-step grafting6). The grafting ratio was 10.8 %. Deionized water was used in the grafting process* 2 2.2 Water and Alkali-treatment By dissolving a certain amount of CaCl2 into deionized water, aqueous solutions of different hardness were prepared. Assuming Ca content of deionized wa ter as 0, aqueous Ca solutions of the hardness from 5 to 50 degrees (as ppm of CaC03) were prepared. Into Table 1 . 3.3 Reaction Scheme As described above, the metal content and moisture regain of AA and MAA grafted PET decreased with the increase in hardness of water used in the alkalitreatment. The scheme of transforming reaction of carboxyl groups of the grafted PET into their Na salts is considered as follows: 1) In the first stage of the reaction between car boxyl groups and metal ions, the reaction of Na ions with carboxyl groups takes place faster than that associated with Ca ions. The phe. nomenon is experimentally elucidated in Table 1 (ref. 2 and 4). 2) Generated COONa is immediately transformed into Ca saltssl under the presence of Ca ion. 3) Ca-salt form of poly (AA/MAA) forms gel like structure 9) and reactive COOH or COONa groups are shut up in the gel structure. Conse quently, further transforming reaction is res trained. According to this scheme, the addition of a se questering agent to the alkali-treating solution is ex pected to be effective10) in suppressing the Ca ion's effect on the transforming reaction of carboxyl groups. The addition of a typical sequestering agent, tetra Na salt of ethylene diamine tetra acetic acid (EDTA) to the alkali-treating solution was found to be effective in transformation of carboxyl groups into their Na salts. (Table 2) 
